Bacterial counts obtained on hydrophobic grid-membrane filters were comparable to conventional plate counts for Pseudomonas aeruginosa, Escherichia coli, and Staphylococcus aureus in homogenates from a range of foods. The wide numerical operating range of the hydrophobic grid-membrane filters allowed sequential diluting to be reduced or even eliminated, making them attractive as components in automated systems of analysis. Food debris could be rinsed completely from the unincubated hydrophobic grid-membrane filter surface without affecting the subsequent count, thus eliminating the possibility of counting food particles, a common source of error in electronic counting systems.
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Hydrophobic grid-membrane filters (HGMF), consisting of conventional membrane filters divided into a gridlike pattern of isolated cells or growth compartments, have been described by . This seemingly simple modification of conventional membrane filters has had far-reaching consequences. By standardizing the size of colonies and directing them into an organized system of compartments, the grid allows overlap of colonies at high densities to be both reduced and quantified in a manner impossible with either conventional membrane filters or plates. For example, graphs illustrating linear counts by HGMF at levels of up to 9 x 104 growth units per filter have been published (8) . (The term "growth unit" is preferred over the conventional "colony-forming unit" [7] . The HGMF datum is the "most probable number of growth units.") Because of this enormous operating range, there are many situations in which the use of the HGMF can eliminate the normal requirement for preparing dilutions. In the isolation and purification of cultures, the well-defined HGMF mathematic allows probabilities of purity to be calculated easily for any growth taken for subculture (3) . The HGMF is immune to the formation of an uncountable lawn of growth; this, together with the explicit orderliness of the growths, makes it very suited to use in completely automated counting systems (3) .
The elimination of dilution operations could be particularly attractive in the automation of quantitative food microbiology. Conventional membrane filters have not, of course, been generally accepted as being significantly useful in food microbiology, presumably because of (i) their limited numerical range resulting from the small growth areas usually employed and (ii) their tendency to clog. However, the HGMF does not suffer from the first limitation and, since we had no objective data on the second, it was decided that its usefulness in food microbiology should be investigated. Preliminary experiments with ground beef were very encouraging, the HGMF counts being close to the corresponding plate counts. The study was therefore extended to include peas and sausage, with three types of organisms, to determine whether any serious limitations to the use of the HGMF in quantitative food microbiology were likely.
During this initial study, we were surprised to observe that all visible food debris could apparently be rinsed from the HGMF surface without greatly affecting the subsequent count of colonies. The ability to remove food debris from the filter surface could be particularly valuable in the automation of counting, and a further study was made so that the magnitude of any loss of counts during rinsing could be measured more accurately. A brief study of the value of the Colworth Stomacher for preparing samples for filtration was also made.
All of the experiments reported below were carried out with a square-format HGMF that was printed with a wide hydrophobic border and a grid (32 by 32 mm) containing 32 x 32 (or 1,024) grid cells. This HGMF was developed to complement an automated counter based on a 1,024-element image-sensing array, then also under development in our laboratory. Foods. Raw ground beef and pork sausage were used directly or after incubation at 37°C for various intervals. Canned peas (and also ground beef and sausage when these did not naturally exhibit the contaminants we sought) were inoculated with very low levels of organisms and incubated at 37°C for various intervals. Salmon, devilled ham, chow mein, frozen green beans, corn, and carrots, cheddar cheese, and butter were inoculated immediately before blending.
MATERIALS AND METHODS
Organisms. Fresh growths of Escherichia coli and Staphylococcus aureus on Trypticase soy agar slants and Pseudomonas aeruginosa on Pseudomonas agar F were diluted in sterile peptone water before being inoculated into foods.
Blending Ten grams of food in 90 ml of 0.1% peptone water was blended in a mason jar with an Osterizer blender for 1 min at 15,000 rpm. For comparisons of stomaching and blending, the sample was first agitated for 1 min in a Stomacher 400 (Canadian Laboratory Supplies Ltd.). After portions were taken for filtration, the remaining homogenate was transferred to a mason jar and blended as described above.
Filtration. An apparatus (60 by 60 mm) that had been constructed by our laboratory was used for filtration. The wide hydrophobic printed border of HGMF prevented filtration from occurring other than through the gridded area, and liquid drained easily and completely into the grid. For undiluted homogenates, 0.5 ml of suspension was added to 10 ml of peptone water (to ensure good distribution over the HGMF). Where centimal or higher dilutions were used, 1.0 ml of suspension was taken. After filtration, 10 ml of sterile peptone water was added, swirled around, and filtered; this step minimized possible loss of organisms on the wide wax border, although this effect was not believed to be significant.
Rinsing. The filtration apparatus was constructed so that, after the square "funnel" was removed, the filter support plate could be pivoted verticaUy. A rinsing head could then be passed down the surface of the HGMF in about 3 s to rinse away food debris. Minimum clearance between the head and HGMF was 0.64 mm, providing an average water velocity of 150 cm/s at a flow rate of 30 ml/s. Rinsing was either with tap water through an in-line filter, or with autoclaved Tween 80 solution (0.1%) from an aspirator high above the apparatus. The vacuum was removed during rinsing but was momentarily reapplied afterwards to dry the filter.
Plating and counting. Each HGMF was laid on the surface of a 90-mm petri dish containing violet red bile agar, Baird-Parker agar, or Pseudomonas agar F (Difco Laboratories) as appropriate. Portions (1 ml each) of decimal dilutions for E. coli and S. aureus counts were also pour-plated, and 0.1-ml portions for P. aeruginosa counts were spread on the appropriate agars. Plates for E. coli and P. aeruginosa were incubated for 24 h, and those for S. aureus were incubated for 48 h at 37°C.
HGMF were scored by using a x10 stereomicroscope (7). We intended not to calculate the most probable numbers of growth units if more than 95% of HGMF grid cells were positive (corresponding to a most probable number of growth units of 4,026). However, no HGMF reached this level of saturation. The plates were scored on a conventional taUy, with an upper counting limit of 300 colonies. All black colonies on Baird-Parker agar were classified as S. aureus to allow comparison with HGMF results.
RESULTS
Filterability of food suspensions. Although higher dilutions filtered easily through HGMF, difficulties were experienced (as might be expected) with 1.0-mi portions of some blended 1:10 suspensions, notably suspensions of cheese and butter. With the exception of these last two, which required 3 to 4 min, all of the 0.5-ml portions of homogenates filtered within 1 min. In general, stomached samples filtered much more rapidly than homogenates.
Efficiency of HGMF grid barriers with foods. Very little visible debris remained on rinsed HGMF, and in these the barriers retained their normal isolating function. Growths therefore remained within the confines of their grid cells, with very few exceptions (most of them due to printing flaws). Positive grid cells on the rinsed HGMF could be seen and counted as easily as those from debris-free inocula (e.g., broth cultures).
On unrinsed HGMF, food debris tended to obscure the normal well-defined pattern and made counting difficult. At the beginning, it also seemed important that debris bridged some of the barriers, allowing growths to "migrate" into neighboring grid cells The data presented here, therefore, are interpreted as evidence that the HGMF warrants serious investigation and consideration in automated systems for microbiological analysis of food. 
